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INTRODUCTION 


This report presents a suiumary of work undertaken in conjunction with 
the subject grant. To avoid needless repetition, extensive use is made 
of references to publications and previous reports. The major tasks 
undertaken in this study were i) analytical and laboratory experiments 
on the propagation of sound from sources near a flat surface of finite 
acoustic impedance; ii) laboratory experiments dealing with the reflection 
of sound from finite sized plane patches; and iii) the diffraction of 
sound by wedge-and trapezoidal-shape barriers. In addition, a series 
of measurements were made of the background noise levels for various 
jet flow conditions in the Anechoic Noise Facility of the Langley 
Research Center’s Acoustic and Noise Reduction Laboratory. 


SUNfrlARY OF ACTIVITIES 


Propagation over Finite ImpeUance Surfaces 

The primary aims of this study v,'ere to develop efficient means for 
predicting the sound pressure levels near the surface for given acoustic 
impedance, or conversely for estimating the acoustic impedance of the 
surface from pressure- field measurements. The principal facets of this 
vrork^’^ were a reformulation of the well-known theoretical results in 
terms of functions widely used in diffraction theory and a series of 
laboratory experiments on sound propagation over large surfaces whose 
acoustic impedances were measured independently. On the basis of the 
agreement between theoretical and experimental results and of the 
computational efficiency of the theoretical expression for the sound 
pressure field above the surface, it should be possible to estimate 
the surface impedance from sound pressure levels measured along an 
inclined path by compating SPL vs. distance curves with several values 
of the impedance and requiring that the theoretical curve match the 
experimental data. 

Reflection from Finite Surfaces 

A set of laboratory experiments on the reflection of sound by finite 
surfaces with known acoustic impedance was performed in August 1975 in 
the Anechoic Noise Facility at the Langley Research Center's Acoustics 
and Noise Reduction Laboratory. Preliminary results of these experiments 
have been reported in references 3 and 4. For easy reference the text 
of reference 3 is enclosed herewith, as are the relevant figures from 
reference 4 (figs. 1-4). For figures 1-4, the source and receiver were 
located so that the specularly reflected ray from the surface emanated 
from the center of the panel. The source and receiver were positioned 
at 7.5 ft. along the inclined paths from the reflection point. 

The trends noted from the data analyzed to date are that i) the 


critical patch size for significant deviations from the infinte-plane 
case is smaller at higher frequencies (as might be expected); ii) there 
is generally greater variability with surface size for the soft surfaces^^ 
and, iii) there is more variability exhibited in the results for the 20° 
grazing angle results than for the 10° path. These results will be 
compared with an appropriate theoretical development in a manuscript 
which is being prepared for submission to the Journal of the Acoustical 
Society of America. 

Barrier Diffraction 

A theoretical study of sound by wedge-and trapezoidal- shaped barriers 
has been conducted during this grant period. This topic is of general 
interest in the reduction of transportation noise. It is of particular 
interest in the present study by virtue of possible applications in 
investigating the noise-shielding effects of having aircraft engines 
mounted above the wing. An extensive discussion of the effects of 
barrier geometry and surface impedance on the diffracted sound field is 
presented in reference 5. 

Recently, attention has been concentrated on the prediction of the 

insertion loss for a wedge-shaped barrier with large, but finite, acoustic 
6,7 

impedance. Representative values of the change in predicted insertion 
loss vis ^ vis a rigid wedge are presented in figure 5 and 6 for two 
dissimilar wedges and a variety of orientations of sources and receivers. 
In addition, a manuscript for submission to the archival literature is 
in the advanced stages of preparation. 
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Figure 1: 


Variation of Far Field Sound Pressure level 
with Surface Size:Plywood; 10“ Grazing Angle. 
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Figure 2: Variation of Far Field Sound Pressure Level with 

Surface Size :Pljn;ood; 20* Crazing Angle. 
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Figure 3: Variation of Far Field Sound Pressure Level with 

Surface Slze:Ply\?ood and Fiberglass; 10* Crazing Angle. 
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Figure Variation of Sound Pressure Level with 

Surface SizetPlywood and Fiberglass; 20* Grazing Angle* 
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Figure 5 
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INTRODUCTION 

The pr^agaticm of sound ftoa sources near the ground to receivers 
also near the gr<nmd is of vital interest in dealing with noise in txansporta* 
tion and has nceived atte JLcm for quite a while. The work we shall present 
here ^icems the effect the acoustic is^dance of the ground has on propa- 
gated sound. We shall sunaarise briefly the results of a study of propagetioi 
over large uniform surface and describe an es^rimental investigatim of 
sound propagatic^ ovsr surfaces of finite sise and surfaces with variable 
acmuitic ii^danm. 

1. LAI^ UNIF0RZ4 SURFACES 

We (^msider^'a point sourco located at a height s above a plane surface# 

whidi is diaracterized by a finite amustical imi^dance# and a receiver at 

a horizontal distance r from the s<»ir^ and a height h above the plane as 

sketdied in Figure 1. The ac^stic pressure at the i^ceiver c<^rises a 

2 

directly-radiated s^terical wave froa the source at a distance r. ^ [r 
^ o 

(8 - h)^J^ and a ej^erical wave fr«a a single imi^e source with source 
stnngth Q st e iMight s ImIcw the plane, and thus at ^s distance itom 
the source# 


p(r^# s# h) - expCikr + Q ej^Ukr^J/r^ <1) 

where# under the restricti<»i kr« » 1 (2tk is the wavoler^th) # the image 

1 

strengUi Q may be obtained from# e.g.# Delaney and Razley Equatim (12) as 

Fwkr^ 



I a. 




ikr. 


2Z(Z + r ) . 

o J 


( 2 ) 
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%fith r “ cos + h)/r_J. The function w(a) 

0.2 

2 

w(z> 2 exp (-Z ) erfc (-iz) (3) 

which arises in diffraction, theory, is discussed and tabulated in Abrainovitz 
and Stegun . The utility of the solution using Equation (4) for Ccdculations 
is heightened by the fact that Reference 2 also contains formulae by whicdi 
necessary values of w(z) may be calculated using digital computers. Equa- 
tions (2) and (3) reduce to Ingard's^ Equations (13) and (14) with the 
exception of a widely-noted sign error in Ingard* s form. 

The experimental phetse of this study is divided into two pasrts - 
measurement of the normal in^dance of materials used as ground surfaces, 
and Investigation of soimd propagation over large surfaces made from these 
materials, ihe normal in^edance measurements were made using apparatus in 
the Aircraft Noise Reduction Laboratory at Langely Research Center; some 
additional measurements were made at Georgia Institute of Technology. 

Selected results of these measurements are presented in Table I. The 
variations in the impedance values are indicative of the difficulty esqpe- 
rienced in obtaining satisfactory termination of the impedance tubes. 

The sound propagation studies were performed during the summer of 1974 
in the Ane^oic Noise Facility at LRC. Three diffejrent surfaces, each 
roughly 12 ft. x 16 ft. in size, were used in these investigations: as a 

reference (presumably hard) surface, 3/4 inch plywood; as softer surfaces, 
one-inch and two-inch blankets of fiberglas above the plywood. A 
s(xind source driven by sinusoidal tones was suspended above a surface. The 
sound pressure level was recorded, at a horizontal distiuice from the source 
of 7.5 feet, as a function of frequency for several elevaticais of the receiver 
above the surface. The frequency range used wes 300 - 3000 Hz, the receiver 
heights varied between one in<* and two feet and source heights of six inches, 
one foot and two feet were used. 

Comparisons between calculated and measiired quantities will be presented 
for several typical frequencies in the range covered by the measurements. 

The first set of comparisons deals with measurements of sound pressure level 
as a function of receiver height for a fixed source height, horizontal distance 
and signal frequency. Calculations were performed using a Uni vac 1108 digital 
■coB.vuter of 
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SPL (re receiver height of X inch) *« 

20 log ( lp(r^,s,h) |/|p(r^,s,l inch)|) (8) 

using Equation (7). Compeurlsons of calculated and measured values are 

presented in Figures 2-7 for the plywoc^ surface. The agreement between 

« 

the theoretical and experimental results is reasonably good for the 800 Hz 
case when the value of specific acoustic impedance, 2 » 7.33 + ill. 36, from 
Table I is used. (Using the value Z - 4.08 -f iO.93, also from Table I, does 
not yield a satisfactory match between ti>e calculations and measurments.) 

The agreenent between calculated ai^ measured pressure levels is not as 
good at the higher frequencies, 1600 Hz and 2400 Hz. The probably cause of 
the discrepancies in these cases is faulty values of the specific impedance, 
arising because the impedance tubes used had diameters compareUsle with the 
wavelei^th of the signals at these frequencies. 

Because of this problem only the 800 Hz case will be illustrated for 
fiberglas-ani-plywood surface. These results are presented in Figure 8; 
the agreement between calculated and measured values is again quite good, 
although the data are incomplete. 

Although this test is not exhaustive, the results do indicate that 
soui^ level distrilxitions can be pr^icted using Equation (8) when the 
surface acoustic impedance is known. As far as the present study is con- 
cerned, the limiting factor seems to be obtainii^ the normal impedance 
reliably. With respect to obtaining surface impedances from the agreement 
between calculated and measured sound fields, it appectrs that larger sK>urce 
heights, e.g. the present two-foot cases, provide better resolution. As 
indicated in Figure 3, howev^, there is fairly low sensitivity to the 
impedance values. 

In view of the difficulties experienced with this experimental study, 
the impedance axsi sound propagation measurements were repeated during the 
summer of 1975, the propagation measurements being made in the anechoic 
room of the Aircraft Noise Reduction Laboratory at the Langley Research 
Center. In this study the receiver was moved along a path corresponding to 
a reflected ray - in terms of Figure 1 , on a path with an angle 6^ with 
respect to the \il to the surface. The analysis of this data is incom- 
plete at this writing. 
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EXPERIMENTS WITH SURFACES OP FINITE EXTENT 

In order to predict the sound levels associated with low-flying 

aircraft, one would like to be able to include the effect of Variations in the 

acoustic properties of the ground cover. It would seem that an important 

parameter in assessing this effect is the extent of a portion of the surface 

which affects the sound reflected to a particular receiving locatioi for 

3 

a given source position. Ingard's analysis of the propagation of sound 
over a large surface leads to Uie cmijecture that for kr 2 » 1# only a small 
portion of the surface, located near the vertex of the reflected ray is 
effective* 

In order to test this hypothesis, we performed a set of es^riments in 

the anedioic room of the Aircraft Noise Reduction Laboratory as follows. 

A point sour^ driver was suspended in the anechoic rocmi as sketched in Fig. 9 

at a distance x w«is chosen to provide a desired grazing angle 6 (10* and 
s 

20* were used) i a light cable was strung frcm the reflection point at the 
grazing angle to support a microphone vdiich could be moved along this 
reflected ray path. A sequence of surfaces, made up of 3/4 inch plywcx>d or 
1 inch fiberglas over plywood, were \ised - the largest Surfaces were 8 ft. 
sguaresi the smallest, 2 ft. squares; rectangxilar surfaces of interc^diate 
size were also used. In each case the reflection point weis located at the 
center of the surface used. 

The source was driven by pure tones with farequencies ranging from 400 Hz 
to 3200 Hz; a feedback mechanism was used to insure that the source levels 
were mecdntained constant. Sound pressure levels were recorded at each 
frequency at several locations on the reflected ray path. 

The desired result wcu» that for fixed source and receiver locations, the 
measured sound pressure levels would be invariant under changes of the surface 
size. Under ideal conditions this trend could be violated in two ways: 

In the first instance, the receiver could be sufficiently close to the edge 
of the surface that edge diffraction effects would appear - this effect 
would be mitigated at higher frequencies. In the second exceptional case, 
the surface area would be less than the critical size. This effect should 
first become apparent at high frequencies. 

In anticipation of the critical surface size having been reached, 
measurements were also made in which several of the smaller surfaces were 
altered either by the addition or removal of the fiberglas covering on part of 
the plywocd base. 


The data froti this investigation have not yet been analysed. PreliMnary 
inspec±ion of the data indicate that tiie trend mentioned above is confirmed. 
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^asured Values of Specific Acoustic I^pedance 


e 


Plywood 

Piberglas-Plywood 

800 

(LRC)* 

4.08 + iO.93 


0.68 + 

i0.40 


(GIT) 

7.33 + ill.36, 2.68 + 

i8178 l.U 

- i3.00, 

0.87 - 

1600 

(LBC) 

3.79 + iO.46 


1.15 + 

0.06 


(GIT) 

3.68 + ill.51 


0.64 - 

il.06 

2400 

(LRC) 

4.06 > i0.04 


0.63 - 

i0.06 


(GIT) 

1.28 * iS.42, 

2.22 -f 17.62 

0.68 - 

iO.55 


* Entries marked (U^)are frcsn measurements made at Langley Besearcd) 
Center; those marked (GIT) were measured at Georgia Institute of 
Technology 
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Figure 1. Source-Receiver-Configuration 
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Figure 2. Sound Pressure Distribution Above Surface (Normalised to Beceiver Height of One Inch). 
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Figure 4. Sound Pressure Distribution Above 
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Figttr« 6. Sound Pressure! Distribution Above 
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FiguM 8. Sound Pcossuio Distribution Abov« Surface (Nomalized 


to Beceiver Height of One Inch) . 
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Figucft 9. JExperiment Geometry: Eef lection by Finite Surface 


